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The Big Picture

An autonomy system requires system-
level technology affecting all aspects of
system design and operation, unlike
many other technologies.
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Frameworks & Architectures

From ISO/IEC/IEEE 42010

architecture framework:
conventions, principles and
practices for the description of
architectures established within a
specific domain of application
and/or community of stakeholders

[system] architecture:
fundamental concepts or
properties of a system in its
environment embodied in its
elements, relationships, and in the
principles of its design and
evolution

To address The Big Picture, a framework offers a more complete solution
conducive to program and project needs that can accommodate many
software and autonomy architectures.
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Starting Point

Goal: Develop a repeatable process for developing autonomous spacecraft with
verifiable requirements independent of spacecraft/mission requirements,
project/program constraint, software technology, and level-of-autonomy.

A Framework for the Robust Execution of Commands On-Board
(FRESCO) defines:

A Principles & Properties: developed autonomy architectures (how on-board
decisions are made) must be compliant with these.

A Reference Architecture: developed autonomy architectures use these
elements, with their components and interfaces compliant with principles &
properties

A Project Process: how an autonomy architecture is developed within the
scope of projects to reduce risks and promote reviewability.
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Principles (examples)

| 61 | only discuss three here. Se

2. Autonomy should be applied as a holistic control approach, not distinct
from or conditionally replacing traditional control architectures.

4. Employ reusable models, explicit declarations of assumptions and
Intent, system state variables, and estimated state.

5. Consider control intent as a distinct concept from system commands,
leading to identification and structured breakdown of goals
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Properties (paraphrased)

A Goal expression: All system goals are desired outcomes defined explicitly
by desired states

A No concurrent overlap of functionality: No two things do the same thing at
the same time.

A Hierarchy of Control and Observability: Limit what is commanded and what
information is shared across hierarchy boundaries to only what& necessary
for control

A Repeatable Control Patterns: The same control patterns should appear
across different decisions made on-board

A Common Architecture for All Mission Activities: The same autonomy
architecture is used to achieve all goals in all phases

A Handling of Failures: Goal failures != faults
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FRESCO Reference Architecture
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One-to-Many Relationships Are OK

A Software identified in trade studies will not neatly fit into these
categories! Architectures will not look like the reference architecture.

A Many Functions-to-One Software Element Relationships: Some
software can perform multiple FRESCO functions. E.g., planners can
perform planning and some degree of elaboration. Executives often
perform goal monitoring.

A One Function-to-Many Software Elements Relationships: Flows from
property: ANO concurrent overl ap
performing estimation, planning, control, etc. will exist but must
exhibit the FRESCO property.
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Goal Network

A

A

A
A

Encapsulates operator intent for the system,
acting as a desired system behavior, state effects,
or intent model

Goals independently defined with differing
priorities, relying on system planner to populate
schedule with tasks to achieve required states.

Tasks represent schedulable goals.

At a high-level, goals specify states to be
transitioned and states to be maintained.
Maintenance goals specify contingencies to
transition spacecraft to restore or transition state if
goal violated.

Requirements on syntax flows from operational
requirements. Work-to-date has evaluated use of
Simple Temporal Networks (STNSs), Hierarchical
Task Networks (HTNs), and Business Process
Modeling Notation (BPMN).
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Relationship with Traditional Fault Protection

A Integration with traditional fault protection (FDIR) unavoidable but causes
potential for design escape if used in parallel with autonomous control loop

A Design safely:

A Signals between traditional fault protection & autonomy architecture so control
authority i1sndét shared simultaneously

A Defining appropriate fault monitor thresholds between the two control systems

A FRESCO-derived autonomous control should incorporate goals associated
with traditional fault protection with exception of:
A Critical events to which response by FRESCO-derived autonomy architecture
cannot be assured within critical time scales
A Certain C&DH failures
A Stakeholder, partner considerations

3/1/2022 11 jpl.nasa.gov



Applying FRESCO: Project Development
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